Introduction
It is generally accepted that tooth size is relatively independent of body dimensions and maxillary or mandibular size (1, 2) . The size and form of the teeth are said to be more strongly influenced by genetic factors than by environmental factors, which are considered to produce a greater degree of variability in the dimensions of other skeletal components.
Proffit (3) has demonstrated the effects of lip and tongue pressures on arch form and, in addition, local factors affecting tooth position and the shape of dental arches. Corruccini et al. (4) noted that heritability estimates were low in magnitude and erratic, emphasizing the importance of environmental influences on occlusal variation and the variability of apparent genetic determinants with respect to the environment or population in which they are measured. According to recent anthropological surveys, people in the South Pacific area tend to have excess body weight or body fat and early dentition maturation. Having the same origin in the late Pleistocene as other Asiatic populations, including Japanese, those from the South Pacific adapted to an oceanic environment which might have produced the differences in their physical appearance, one of which is a well-developed masticatory function. The dental arch form focused on in this paper is among the most important components in the masticatory function, along with the tooth form, tooth size and maxillary and mandibular bony form. However, the research on dental arch form in this population has been insufficient so far. The purpose of this study is to provide information about arch shape variation among South Pacific populations.
Materials
and Methods The materials used in this study were the dental casts of samples of people from South Pacific populations. The population samples were from Fiji (Melanesia), Western Samoa (Polynesia) and Kiribati (Micronesia). The casts are the property of the Department of Anatomy, Nihon University School of Dentistry at Matsudo. Australian Aboriginal samples were from the collection of the Department of Dentistry, The University of Adelaide, and the Japanese samples were from the collection of the Department of Orthodontics, Nihon University School of Dentistry at Matsudo. Only those samples with minimal dental crowding and no history of orthodontic treatment were selected for study. Table 1 shows the number of subjects in each sample. To provide information about dental arch shape variation, dental casts were photographed to provide coordinates of the buccal cusp tip of posterior teeth and the midpoints of the incisal edges of anterior teeth. Standard photographs were obtained following the methods described by Brown et al. (5) . Tracings of the dental arches were made and the mid-points of the incisal edges and the buccal cusp tips of maxillary teeth were defined ( Fig. 1 ) and scaled to allow for enlargement.
Arch widths and arch lengths were directly measured by a caliper.
The Cartesian coordinates of these points were obtained using a HewlettPackard 9874A digitizer and transferred to a computer where the co-ordinate set was first translated to bring the contact point between the central incisors to the origin, then rotated to align the disto-buccal cusps of both second molars with the X-axis. Cartesian coordinate data were then transformed into polar coordinate values and the outline of each dental cast was described in a series of simple cosine and sine functions according to the Fourier equation. The amplitudes of each of the frequencies in the series describing these curves, which are specific to the dental arch shape being considered, are called Fourier coefficients. The application of Fourier transforms of the form:
has the advantage of separating two components of variation, recognizable as size and shape. Dental arch size can be described by one coefficient (ao), while shape can be summarized by the first three harmonics (amp1-3) in the Fourier series (6) . The amplitudes of each of these harmonics can be derived from the sine and cosine components by the transformation:
The first amplitude indicates the arch depth/width ratio, while the second amplitude and third amplitude indicate the relative taper of the arch. Alarge first amplitude (amp 1) indicates a long and narrow arch form, while a small amp 1 denotes a short and wide arch form. A large second amplitude (amp2) indicates a strong premolarmolar curve (molar off-set) and convex incisors curve, while a small amp2 denotes a weak premolar-molar curve and a flat incisors curve. Amplitude 3 (amp3) describes more subtle aspects of the arch shape. It also improves the overall fit of the Fourier function to the points defining the arch. To assess the errors involved in obtaining the data, 20 sets of casts were photographed, traced and digitized on a second occasion. Differences between the Fourier amplitude derived from the first and second sets of data are summarized in Table 2 . In addition, error variances (se2) were calculated from estimates of the standard deviations of a single measure (se) calculated as:
where "x1" and "x2" are repeated measurements and "n" is the sample size. Errors were small except for the third amplitude where the error variance contributed 8.5 % of the total observed variation. The mean difference between first and second assessments did not differ significantly from zero (p > 0.05). Estimates of the error variance suggested, however, that the results for the third amplitude should be interpreted with care. All statistical calculations were performed using the appropriate SPSS routines.
Results Table 3 shows the means and standard deviations of dental arch length and width. Mean values of dental arch lengths of Fijian, Western Samoan, Kiribati and Australian Aboriginal people were comparable, however, Japanese arch length was smaller than observed in the other sampled populations. In mean values of arch width, Fijians show the largest dental arch width in both males and females. Japanese shows the smallest dental arches among these populations. Fig 2 indicates that the Fourier functions satisfactorily described the data. The contributions of each of the Fourier coefficients to the description of arch size and shape are shown in Table 4 with accurate descriptions being provided by only three Fourier coefficients. The cumulative contribution to third amplitude was above 90 % and first and second cumulative contribution is about 90 %; therefore, the first and second amplitudes were used to evaluate the dental arch form. Figs 3 and 4 show the plots of constant value ao, which indicates the arch size (the area of dental arch) and the first and the second amplitudes of upper and lower dental arches. The constant term ao for Fijians was the largest among the sampled populations. Consequently, the arch form for Fijians was the largest among the sampled populations. Japanese dental arch was the smallest among these populations.
Arch size for the Australian Aboriginal, Western Samoan and Kiribati samples were between the arch size of the Fijian and Japanese.
The arch shape in Fijian and Australian Aboriginals was different from the Japanese, Western Samoan and Kiribati samples, whose arch shapes were similar to each other. There are significant differences between Fijian and other populations in the first amplitude. Fijians displayed the V-shape dental arch and had the smallest first amplitude among the sampled populations. On the contrary, the Australian Aboriginal sample had a larger width of the anterior dental arch (i.e., U-shape). There was a significant difference between the Australian Table 3 Dental arch length and archwidth Table 4 Contribution of Fourier coefficients Table 5 Cranial index of male subjects
Cranial index = maximum cranial breadth (eu-eu) / maximum cranial length (g-op) x 100 eu : the two points opposite each other on the sides of the skull which form the termini of the line of greatest breadth.
g : the most prominent point in the median line between the two eyebrow reidges, a little above the fronto-nasal suture.
op : the most distal point on the skull from the glabella in the madian sagittal plane, excluding the external occipital protuberance. Aboriginal and other sampled populations in the second amplitude. The upper arch of the Fijian sample was wider and longer than that of the Australian Aboriginal sample. The first amplitude of the Fijian sample was different from the other sampled populations, while the second amplitude of Mongoloid population samples were similar. On the contrary, the Australian Aboriginal samples were different from Mongoloids. The dental arch form in the Fijians was close to a V-shape, while the Australian Aboriginal arch shape was comparatively closer to Ushape. The arch form of the Japanese was similar to the Western Samoans and Kiribatis, and displayed a shape pattern between that observed in the Fijian and Australian Aboriginal samples (Fig 5) .
Discussion
Dental arch form has been widely studied from several points of view. A complete morphological analysis should simultaneously consider both size and shape. Many methods have been applied to describe dental arch morphology including the simple subjective classification of arch shape (7), combinations of linear dimensions (8) , complex curve-fitting methods (9) and the application of polynomials to describe arch form (10) . Compared with these approaches, the application of Fourier transforms to the form has the advantage of separating two components of variation, recognizable as size and shape. The Fourier descriptor can be thought of as a curve-fitting procedure based on a converging trigonometric series solution. The application of the conventional Fourier series has been used in a number of studies. The data sets used in these studies have been limited to certain classes of form that are relatively simple (11) . Very complex and irregular forms become difficult to fit and may necessitate casting part of the analysis into the imaginary plane, an unattractive solution (12) . The results of this study demonstrate that Fourier amplitudes can accurately represent dental arch shape provided there are no major irregularities or displacements of the teeth. Furthermore, the Fourier constant and amplitudes can be interpreted in terms of arch shape and size. The size and form of the teeth are said to be more strongly influenced by genetic factors than environmental factors, which are considered to produce a greater degree of variability in the dimensions of other skeletal components (13) . Proffit (3) has demonstrated the effects of lip and tongue pressures on arch form and, in addition, local factors affecting tooth position and the shape of dental arches. The factors affecting arch form are the tooth size, the form and size of the maxilla and mandible, and the function of muscles around this bony element. It is generally accepted that the tooth size is relatively independent of not only body dimensions, but also the maxillary or mandibular size (1,2). The arch form variation within and between populations results from the complex interactions between the genetic and the environmental factors operating during the formation and growth of the teeth and jaws. Comparisons of the arch forms of various populations thus provides information about the action of these factors in the considered groups. The study of the upper arch showed that the Fijians had wide and long arches, even larger dental arches than that of the Australian Aboriginal people. Kasai et al. (14) found that there was no significant difference between maxillary and mandibular arch shape in twins using Fourier transform. They also suggested that genetic factors contributed mainly to the variation in arch size and to arch depth/arch breadth ratio rather than to other aspects of dental arch morphology. With respects to the first amplitude, the Fijians were distinct from other sampled populations, while for the second amplitude, Mongoloids were similar, whereas the Australian Aboriginal sample was distinct from the Mongoloids. The dental arch form in the Fijians showed a V-shape. On the contrary, the Australian Aboriginal sample's arch shape was comparatively Ushape. The arch form of the Japanese was close to that of the Western Samoan and Kiribati samples, with a shape pattern that was between the Fijians and the Australian Aboriginals. The anterior and posterior arch breadth were characterized by the cranial breadth and masticatory function. Kasai et al. (15) indicated that Australian Aboriginals have a wide bizygomatic breadth and bigonial breadth. Wide canine and premolar breadth in Australian Aboriginals might be explained by this. On the other hand, the Fijian population had a wide cranial breadth (relatively short crania), indicating that the posterior arch breadth was larger than that of other sampled populations (Table 5 ). The cranial length/ breadth ratio seemed to affect the dental arch breadth and dental arch shape. It has been observed that the frequency of occlusal variations and malocclusions has increased during recent centuries (16) . It has been suggested that the absence of proximal wear is responsible for the greater frequency of space-related malocclusion in contemporary populations (17) . Another reason for the increase in the prevalence of malocclusions in more recent population groups is the change in dietary habits over the past few hundred years, and the consequently reduced demand on masticatory activity; the resultant decrease in condyle growth, with a tendency toward a posterior rotation of the mandible, could contribute to the increased frequency of Class II malocclusion in modern man (18) . In this study, the arch length between the central incisor and the distal cusp of the second molar in the upper and lower arches and the arch width of the upper and lower arches in Fijians were significantly larger than those in Japanese. Fijians also displayed longer palates, longer mandibles and bimaxillary protrusions. The lower incisor of Fijians did not incline anteriorly, but stood vertically more than that of Japanese. Consequently, Japanese had protruded lower incisors and narrow arch width (19) . From the anthropological point of view, these three Pacific populations are included in the Mongoloid race in the sense of Coon's classification (20) . However, they have differently migrated in each area since 3500 years B.C. in spite of being closer to each other geographically. The arch shape of Polynesians (W. Samoa) and Micronesians (Kiribati) is close to that of Japanese and far from Fijians (Melanesia). Fijians are said to be anthropologically close to Australian Aboriginals. However, their arch shape was different from Australian Aboriginals' mainly because Fiji Melanesians were separated from Australian Aboriginals several thousand years ago, and they adapted to an oceanic environment and had also mixed with other oceanic populations.
In summary, arch shape characteristics in the populations were almost completely described by the first and second Fourier amplitudes. The distribution of populations in the two dimensional space showed that the variations of dental arch shape in Pacific populations was influenced by the cranial breadth/length ratio which seemed to be associated with both the posterior arch breadth and the dental arch shape.
